Abstract -Winding coils are key elements in the design and the implementation of an effective wireless power charging platform for wireless devices such as mobile phones, smart phones and tablet computers. Planar winding inductors are lowcost, ready to integrate with the electronics and fully compatible with a general printed circuit board (PCB) manufacturing process. This paper addresses the design and the simulation of the planar winding inductors in order to overcome some drawbacks of such structures concerning mainly the quality factor and the resistive/thermal losses.
I. INTRODUCTION
Wireless power transmission (WPT) can be achieved by using near-field (inductive) or far-field (radiation) techniques. WPT techniques based on inductive coupling can be based on resonant or non-resonant techniques. One of the most critical parts of an inductive WPT system is the Inductive Antenna/coil (IA). This IA should fit a limited size, provide a maximum intrinsic quality factor for an expected inductance with a magnetic coverage allowing an optimal energy transfer to the device to charge. IAs can be implemented by using wires (e.g. Litz coils) or directly printed on the circuit board (PCB IA). IAs based on Litz coil perform better from an electromagnetic point of view (better quality factor and efficiency) but are expensive. PCB IAs are cheaper and easy to integrate with the electronic cards but are subject to a lower efficiency, lower quality factor and a worst thermal dissipation behavior. This paper addresses the IAs design and simulation in order to provide optimal design guideline for frequencies in the range of hundreds of kHz according to Wireless Power Consortium (WPC) recommendations [1].
II. PLANER INDUCTIVE ANTENNAS
Recently planar spiral IA was intensively studied in order to define design guidelines concerning mainly the impact of the geometry on quality factor as function of working frequency [2] . The intrinsic limitations of the inductive WPT systems using spiral IA as function of the power transfer efficiency was addressed in [3] . Those studies were based on analytical calculation [3] or electromagnetic simulation [2] . No measurement benchmark was presented in order to validate the simulation approaches. Moreover the impact of ferrite layer (usually used for shielding or to increase the inductance and the quality factor) was not addressed.
A. Simulation technique and correlation with the experimental results
A full-wave electromagnetic simulation technique by using FEKO [4] or HFSS [5] software was adopted. This approach exhibits several advantages: (i) coupling effects, PCB impact and ferrite layers can be taken into account (note that ferrite layers are sometimes necessary for shielding or for increasing the quality factor); (ii) IAs manufactured on a multilayer PCB (2 to 8 layers) can be simulated; (iii) circuital parameters (input impedance, inductance, loss resistance, quality factor, etc.) and electromagnetic (magnetic field) can be computed directly; (iv) other antennas such as NFC or GSM antennas can be further added and simulated using the same software. The major drawback is the simulation time that can be excessive. Nevertheless this drawback was overcome by using a cluster (parallel computing).
B. Correlation with the experimental results
A prototype (already manufactured and characterized) available at Continental Automotive Toulouse was retrosimulated inside FEKO and HFSS in order to check the validity of the proposed approach. This benchmark structure (BS) manufactured on a square FR4 PCB (60 mm wide, substrate thickness h=1.6 mm), consists of a hollow spiral ( Fig. 1 ) with following geometrical parameters: metallization thickness t=35µm, inner radius Ir=10.5mm, outer radius Or=21.85mm, turns n=10, cooper strip width w=0.85mm, gap between strips g=0.2 mm. It's a two layers structure with two identical hollow spirals located on top and on bottom side of the PCB. BS was simulated alone (Fig. 1a) , two BSs in face to face configuration (Fig. 1b) , 2 BSs in face to face configuration with a shielding ferrite layer placed outside (Fig.  1c) .
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(i) at 110 kHz, the resistive part of the input impedance is mainly a DC resistance (coming from the metallic trace length), the AC effects caused by skin depth (computed skin depth is around 0.2 mm), coupling and proximity effects can be neglected. The impact of PCB layer can be neglected (at least for bi-layer structures).
(ii) from a system point of view a minimal value of inductance should be assured with a quality factor as high of possible in a fitted size design. Supposing that size is always limited it is no reason to increase trace width far beyond skin depth because metal plating thickness is usually 35µm/70µm . It is better to keep width in the range of skin depth (width 'w' should not exceed 2 to 3 times the skin depth) to diminish gap size 'g' within manufacturing tolerances and to increase the numbers of turns. Thus the total length of metallic strip is minimized and quality factor is enhanced. Quite similar conclusion was reported in [3] . Input impedance resistive part can be minimized also by using planar Litz structures [7] .
(iii) as expected ferrite increases IAs inductance and quality factor and it is mandatory to include it into IA simulation model. Variation of its relative magnetic permeability in the range of the manufacturing tolerances (25%) does not impact significantly IAs behavior.
(iv) coupling between two identical IAs decreases when misalignment increases.
Works are under run in order to improve DC to DC efficiency of wireless power charging system according with WPC recommendation [1], [3] .
III. CONCLUSIONS
The use of full wave electromagnetic simulation in order to predict IAs performances of was demonstrated. A good correlation between numerical and experimental results was obtained on electrical (input impedance) and electromagnetic (magnetic field) quantities.
Based on electromagnetic simulation design guidelines were derived. Minimize wire length (metallic trace), keep inductance and quality factor as high as possible (by increasing the number of turns and by reducing the gap between metallic strips within manufacturing tolerances) are the key points to design an effective IA for an efficient wireless power charging system at low frequencies (in the range of 110 kHz). 
